Aspirin is mainly used in the treatment of rheumatoid arthtitis and ankylosing spondylitis (AS). The dose of aspirin required for the treatment is 3 g / day in divided doses. In order to avoid chances of missing the dose of drug, it is better to formulate sustained release dosage forms. In the present study, aspirin loaded bovine serum albumin (BSA) nanoparticles were prepared by desolvation technique using various desolvating agents such as acetone, ethanol and sodium sulphate. A comparative study was made among the three desolvating agents (acetone, ethanol and sodium sulphate) and two methods (continuous addition method and intermittent addition method) to decide the best desolvating agent and the better method for preparation of aspirin nanoparticles by desolvation method. Continuous and intermittent addition methods were followed for the addition of desolvating agent to the aqueous solution of bovine serum albumin. Bovine serum albumin nanoparticles prepared by intermittent addition of ethanol was showing better results with the mean particle diameter of 209 nm, entrapment efficiency of 50% and loading capacity of 23%. The drug release was slow, extending over a period of 24 h. The curve fitting data revealed that the release followed the first-order kinetics. Higuchis and Peppas plots stated that Fickian diffusion controlled the pattern in all formulations. From the results it can be concluded that the method of intermittent addition was the better method and ethanol was the best desolvating agent for the preparation of aspirin nanoparticles by desolvation technique.
Introduction
T h e m a j o r g o a l s i n d e s i g n i n g p o l y m e r i c nanoparticles as a delivery system is to control particle size, surface properties and release of pharmacologically active agents in order to achieve the site-specific action of the drug at therapeutically optimal rate and dosage regimen [1, 2] . Due to large surface to volume ratio the nano scale structures have unique properties and dissolution behaviors which are expected to avoid the unwanted side effects. Polymeric nanoparticles are prepared by various techniques like amphiphilic cross linking, polymerization methods and polymer precipitation techniques [5, 6] . The choice of a particular approach depends mainly on the physicochemical properties of the polymer and the nature of incorporated active pharmaceutical ingredients (i.e hydrophobicity / hydrophilicity of the drug and its sensitivity to the solvent) [11, 12] . In this study for the preparation of aspirin loaded bovine seum albumin (BSA) nanoparticles, desolvation technique has been selected [3, 4] . This technique suitable for natural polymer. Desolvation is a thermodynamically driven self-assembly process for polymeric materials to prepare nanoparticles. The addition of desolvating agents like acetone, ethanol and sodium sulphate are mainly used for the preparation. A balance between attractive and repulsive forces must be present for fabrication of the particles of definite size. The polymeric molecules form particles of different sizes depending on the parameters like pH, ionic strength, cross linking agent concentration, agitation speed, and amount of desolvating agent added. This process includes three steps, including protein dissolution, protein aggregation and protein deaggregation. Finally, the particles are cross linked by using glutaraldehyde as cross linking agent [7, 8] .
BSA was selected as a polymer. BSA is a globular protein (66000 Da) that is mainly used in numerous biochemical applications due to its stability and lack of interference within biological reaction [9, 10] .
In this work aspirin has been selected for the study. Aspirin is mainly used in the treatment of rheumatoid arthtitis and ankylosing spondylitis. Aspirin is a non steroidalanti inflammatory drug used to decrease stiffness of the spine and other joints. Ankylosing spondylitis is a form of chronic inflammation of the spine and the sacroiliac joints. The sacroiliac joints are located in the low back where the sacrum (the bone directly above the tailbone) meets the iliac bones. Chronic inflammation in these areas causes pain and stiffness in and around the spine. In the treatment of ankylosing spondylitis and arthritis the dose of aspirin required is 3 g / day in divided doses. As there are more chances of missing the dose of drug it is better to formulate sustained release dosage forms for better administration. In this study attempts have been made to prepare aspirin loaded BSA nanoparticles by desolvation technique [20, 23] .
In the treatment of ankylosing spondylitis (AS) and arthritis the dose of aspirin required is 3 g / day in divided doses. As there are more chances of missing the dose of drug it is better to formulate sustained release dosage forms for better administration. Aspirin acts by inhibiting cyclooxygenase 1 and cyclooxygenase 2 receptors. By inhibiting cyclooxygenase 1 it causes severe Gastro intestinal bleeding and peptic ulcers. By inhibiting cyclooxygenase 2, it causes severe cardiovascular problems. To reduce the side effects, dose and dosing frequency a study was made to prepare aspirin nanoparticles by desolvation technique using three desolvating agents Experimental BSA nanoparticles were prepared by desolvation technique using acetone, ethanol and sodium sulphate as desolvating agent [14, 16] . Weighed amount of BSA powder was added to distilled water. Parameters like pH, stirring speed and volume of desolvating agent to be added were optimized. The pH was optimized at 7. Two methodologies were followed for the addition of desolvating agent to the aqueous solution of BSA. The first one was the continuous addition method. In this method, the desolvating agent was added at the rate of 1 mL per minute. The second method was the intermittent addition method. Here the desolvating agent was added at the rate of 1 mL per every 5 min. The addition was continued till the appearance of turbidity. The appearance of turbidity in the solution indicated the end point of the process. The obtained nanoparticles were stabilized by adding 2% glutaraldehyde as cross linking agent. Complete cross linking of the formed particles was allowed by continuous stirring for the next 12 h. The residual solvent was removed by means of rota evaporator. The obtained free flowing powder was characterized for particle size distribution to ensure that the particles remain within nano size range. A total of six formulations were prepared by continuous and intermittent addition of acetone, ethanol and sodium sulphate as desolvating agents. All these formulations were characterized for mean particle diameter, drug -polymer interactions and stability. Then the nanoparticles were evaluated for drug content, entrapment efficiency, loading capacity and drug release studies [21, 22] .
Results and Discussion
The particle size of the prepared nanoparticle was determined by scanning electron microscopy (SEM). The images revealed that the particles were showing smooth texture and were spherical in shape [18] .
Scanning electron microscopy (SEM)
The sample for the SEM analysis was prepared by sprinkling the nanoparticles on one side of double adhesive stub. The nanoparticles were viewed at an accelerating voltage of 15-20 kV [19] . The particles were found to be in nano range in all the six formulations ( Fig. 1) .
Particle size analysis
The mean particle size of the nanoparticles was determined by photon correlation spectroscopy (PCS) with a Malvern Zetasizer Nano ZS (Malvern Instruments, Malvern, UK). Measurements were realized in triplicate at a 90° angle at 25 °C under suitable dilution conditions. Particle size distribution was expressed as mean diameter (nm) ± standard deviation and polydispersity index. The mean particle diameters of BSA nanoparticles prepared by continuous and Intermittent addition of acetone, Ethanol and sodium sulphate were compared. They were found to be 573.38 nm, 321.68 nm, 548.2 nm, 209.34 nm, 908 nm and 748.7 nm respectively (Fig.  2 ). All formulations were found to be in nano range. When compared, BSA nanoparticles prepared by intermittent addition of ethanol as desolvating agent was resulting particles in nanorange. Probably the intermittent addition gave more time for desolvation process and more stable size was formed. The pH was the most important factor to control the coagulation of BSA molecules during the desolvation process. The isolectric point (pI) of BSA is about 4.7. When the pH of solution was closed to the pI, the enhanced proteinprotein reaction lead to increased coagulation among BSA molecules. At pH 7, BSA molecules possessed a negative charge and coagulation of BSA molecules reduced which allowed the formation of small particles.
Zeta potential measurement
Zeta potential of nanoparticle dispersions was measured in mV by Malvern Zetasizer Nano ZS (Malvern Instruments, Malvern, UK) in triplicate to determine the surface charge and the potential physical stability of the nanosystem. Zeta potential of nanoparticles was measured in aqueous dispersion. Measurements were realized in triplicate at a 120° angle at 25 °C. The electrophoretic mobility values of BSA nanoparticles were found to be -2.436, -2.713, -3.123, -4.183, -2.616 and -3.214 respectively. When compared, the electrophoretic mobility value of (Fig. 3) . By comparison, zeta potential value of BSA nanoparticles prepared by intermittent addition of ethanol was the highest among all formulations and showed higher stability [13, 15] .
Fourier transforms infrared spectroscopy (FT-IR)
Compatibility studies were performed using FTIR spectrophotometer. The infrared (IR) spectrum of pure drug and formulations were studied (Fig. 4) . The characteristic absorption peaks of aspirin were obtained at wave numbers 2870/cm, 2546/cm, 1700/cm, 3109.35/cm, 1300/cm and 1085/cm (K Br disk). The characteristic absorption peaks of BSA were obtained at wave numbers 1641/cm, 1680/cm, 1696/cm, 3000.35/ cm, 3306/cm and 2872/cm. The peaks obtained in the spectra of each formulation correlated with the peaks of drug spectrum. This indicates that the drug was compatible with the formulation components.
Percentage yield
The yields of prepared nanoparticles were calculated. Nanoparticles dried at room temperature were weighed and the yield of nanoparticles was calculated using the following formula: Product yields of six BSA formulations were compared. They were found to be 75%, 91%, 80%, 84%, 48% and 60% respectively (Fig. 5) . By comparison, the product yield of BSA nanoparticles prepared by intermittent addition of acetone was the highest among all formulations.
Drug content
Drug loaded nanoparticles were weighed, then grinded to fine powder and dissolved in a solvent in which the drug was completely soluble. It was subjected to stirring around 700 rpm for 3 h. The amount of drug in the supernatant was determined by ultraviolet spectrophotometric method. Drug contents of all the six formulations were compared. They were found to be 89.74% 90.5% 95.2%, 95.7% 33.61% and 32.704% respectively (Fig. 6) . By comparison, the drug content of BSA nanoparticles prepared by intermittent addition of ethanol was the highest among all formulations.
Encapsulation efficiency (EE) [17, 18]
For the determination of drug entrapment, the amount of drug present in the clear supernatant after centrifugation was determined (w) by ultravioletvisible spectrophotometry (UV-Vis). A standard calibration curve of concentration versus absorbance was plotted for this purpose. The amount of drug in supernatant was then subtracted from the total amount of drug added during the preparation (W). Effectively, (W-w) will give the amount of drug entrapped in the pellet. The percentage entrapment efficiency will be calculated with the following formula:
Loading capacity
Loading capacity of a polymer can be determined by the following formula:
Entrapment efficiencies of all six formulations were compared. They were found to be 48.7%, 30.56%, 50%, 50%, 59.25% and 58.365% respectively (Fig. 7) . By comparison, entrapment efficiency of BSA nanoparticles prepared by continuous addition of sodium sulphate was the highest among all formulations.
Loading capacities were found to be 13.6%, 7.64%, 23%, 23.2%, 12% and 11.93% respectively (Fig. 8) . Loading capacity of BSA nanoparticles prepared by 
Drug release studies
Drug release studies were performed by means of orbitary shaker. Drug release from polymeric nanoparticles was determined as follows. A known amount of nanoparticles was transferred to a conical flask, and 50 mL of phosphate buffer with pH7 was added to the tube. The temperature and rotation were adjusted to 37 °C and 90 rpm, respectively. At the predetermined time of 0.5, 2, 4, 6, 8, 10, 12, and 24, 36, 48 h, 5 mL of the sample was removed and ultracentrifuged at 15,000 × r for 60 min, and 5mL of the supernatant was replaced by fresh medium. The samples were further analyzed using UV-Vis spectrophotometer [19] .
Invitro drug release of aspirin loaded BSA nanoparticles prepared by continuous and intermittent additions of acetone, ethanol and sodium sulphate as desolvating agents were compared (Fig. 9 ). They were found to be 98.9%, 98.17%, 55%, 68.09%, 31.6% and 35.32% respectively. In BSA nano formulations prepared by continuous and intermittent additions of acetone, within a time period of 8.5 h, 98.9% and 98.17% of drug was released. In BSA nanoparticles prepared by continuous and intermittent additions of ethanol, the drug release was slow, extending over a period of 24 h and 8.5 h respectively. With the continuous addition. 55% of the drug was released in a time period of 24 h. with the intermittent addition, 68.09% of the drug was released in a time period of 8.5 h. In BSA nanoparticles prepared by continuous and intermittent additions of sodium sulphate as desolvating agent, the drug release was slow, extending over a period of 24 h. In a time period of 24 h, 31.6% and 35.32% of the drug was released. Comparatively, continuous and intermittent additions of acetone were resulting in higher drug release rates. The curve fitting data revealed that the release followed the first-order kinetics (Fig. 10) . Higuchi and Peppas plots stated that Fickian diffusion controlled the pattern in all the six formulations ( Fig. 11 & 12) .
Discussion
Aspirin loaded BSA nanoparticles were prepared by desolvating technique using acetone, ethanol and sodium sulphate as desolvating agents. Methods of continuous and intermittent additions were followed for the addition of desolvating agent to the aqueous solution of BSA. The pH was the most important factor to control the coagulation of BSA molecules during the desolvation process. The isoelectric point (pI) of BSA was about 4.7. When the pH of the solution was close By comparision, intermittent addition method was considered as the best method for the preparation of nanoparticles, as intermittent addition of acetone, ethanol and sodium sulphate was yielding particles in nanorange when compared to continuous addition. This could be because that intermittent addition gave more time for desolvation process to occur and thus more stable nano particle was formed.
Among the three desolvating agents, ethanol was considered the best desolvating agent because of its stable nanoformulation with a mean particle diameter of 209 nm, good entrapment efficiency of 59.25% and loading capacity of 23.2%. The nanoformulation obtained by intermittent addition of ethanol was able to sustain the drug release up to 8.5 h with 68.09% drug release. The solvents used in this study fell into two categories: polar protic (ethanol and isopropanol) and polar aprotic (acetone). Alcohols are good hydrogen bond donors and acceptors, whereas acetone is not a donor, only an acceptor. This could indicate that the presence of hydrogen bonding favored the formation of larger lattices and consequently of larger nanoparticles [24] . However, the ability of these compounds to interact hydrophobically was also very important. Two parameters were used to compare the polarity of solvents: dielectric constant (D) and polarity index (PI). Acetone being an aprotic solvent, was not able to (Snyder, 1978) . These values suggest that the lower the polarity of the desolvating agents, the larger the hydrophobic interactions and the greater the size of the nanoparticles obtained. This could indicate that the two important characteristics of a desolvating agent to produce large nanoparticles are (1) its ability to form hydrogen bonds and (2) low polarity so it can generate, additionally, hydrophobic interactions. As ethanol is a proteic polar solvent with an ability to act as a hydrogen donor and acceptor, it resulted in better nanoformulation when compared to that of acetone.
Conclusions
From the results it can be concluded that the best formulation can be obtained by intermittent addition of ethanol as desolvating agent. The drug release continued up to 24 h, indicating its sustained release property. Further research needs to be carried out to design a dosage form for the treatment of rheumatoid arhritis and ankylosing spondylitis after calculating the exact dose to be loaded for single day administration. Invivo studies need to be carried out to conform the data of invitro dissolution studies.
